Introduction
In a recent review of conservation management of rivers and wetlands, Kingsford (2011) highlights the modification of flow as the most widespread threat both in Australia and in regulated rivers globally. He states that 'environmental flows need to be established in all regulated rivers and increased considerably to meet legislated conservation obligations'.
Many surface and ground waters in Australia are stressed due to water extraction, regulation or altered flows. A recent report (National Water Commission 2012) found progress in addressing the overuse of water is 'disproportionately slow'. This is a problem 'compounded by the inability to even agree on what contributes to overuse and overallocation' (Anon 2012) .
Tasmania is an island situated south of the Australian mainland and is one of eight states and territories in Australia. To help turn Tasmania into a major food producer, the state is spending about $400 million to build or expand fourteen irrigation schemes (Department of Primary Industries, Parks and Water n.d.) including the South East Irrigation Scheme (SEIS) stage three encompassing the Coal Pittwater Catchment (CPC). The SEIS is owned and managed by Tasmanian Irrigation, a Tasmanian Government company. On completion, the management of the SEIS will be transferred to local irrigators.
The Tasmanian Government's substantial irrigation plan for fourteen new irrigation schemes face the same risks of overallocation and/or overuse made in the Murray-Darling Basin Australia, Australia (MDB) and globally. Returning catchments to sustainable extraction levels through imposition of Sustainable Diversion Limits is one of the most challenging aspects of water reform (National Water Commission 2009). The process is currently creating major social disruption in the MDB where there are major disagreements about the quantity of water needed to be allocated to protect ecological assets, compared with that allocated in the proposed MDB Plan (Commonwealth of Australia 2011; Wentworth Group of Concerned Scientists 2010). Consequently, methods to determine the water requirements of ecological assets, and conversely the water available for allocation, are urgently required. Of course, though the risks may be similar in principle, each catchment will require specific biophysical inputs.
Hamstead (2009) suggests a two-step method to assess overallocation and/or overuse of water in Australia: (1) determine the key ecological assets, their functions and target conditions; and (2) establish the level of risk to key ecological assets from changes to future freshwater flow regimes. He also proposes the use of specific risk assessment techniques for ecological assets and their functions.
Key ecological assets
Hamstead recommends the identification of key-water dependent ecological assets, determining their functions and setting their target condition. Ecological assets in the CPC were identified using the Conservation of Freshwater Ecosystems Values (CFEV) assessment tool developed by the Department of Primary Industries, Parks, Water and Environment (Hardie and Davies 2007; Department of Primary Industries and Water 2008) and verified using Hamstead's key ecological asset criteria (Hamstead 2009 ) .
The CFEV derives an Integrated Conservation Value from the representative conservation value of an ecosystem spatial unit combined with special values such as the presence of threatened species. Three ecosystems were rated as very high in the CPC -the Pitt Water-Orielton Lagoon, Lower Orielton Rivulet, and a section of the Coal River near Tunnack. We focus on the Lagoon ( Fig. 1 and 2 Hamstead requires that a target condition be set for key ecological assets. There is no water management plan for the CPC (National Water Commission 2011a) so the target condition was not determined. In these circumstances Hamstead recommends the current condition be set as the target condition. However, under the Ramsar Convention, contracting parties are responsible 'to promote the conservation' of Ramsar wetlands (Ramsar Convention, 1987, Article 3.1) meaning the 'maintenance of the ecological character' (Ramsar Convention, 2008, resolution X.15) . For Ramsar sites 'a baseline description of ecological character is needed against which to assess change' (Ramsar Convention, 2008, resolution X.15) . Since the Lagoon was Ramsar-listed in 1982 the baseline for the ecological character and therefore condition could be set at this time (Department of the Environment, Water, Heritage and the Arts 2008).
However, the Lagoon's current condition has been degraded by: seasonal reversal of natural flows and restricted inflows caused by water management, irrigation, dams and weirs; impeded estuarine water flow resulting from two causeways; urban development; eutrophication and blue-green algal blooms; drainage and release of pollution and nutrients; siltation; weed and pest invasion; and climate change (Allan and Grun 2011; Davies et al. 2006; Davies et al. 2002; Dunn 2002; Edgar et al. 1999) . The overall estuary drainage area and estuary catchment area was categorised as severely impacted and highly impacted by human activity respectively with the estuary classed as degraded with low conservation significance (Edgar et al. 1999) . Several investigations described the Lagoon's condition as degraded (Dunn 2002 Instead, the Lagoon's condition could be set in 1982 using the ecological values information from the Ramsar application. Unfortunately, no baseline condition assessment of the Lagoon was conducted at this time (Parks and Wildlife Service 2010) . One of the main changes since 1982 is the construction of Craigbourne Dam (completed in 1986 with the capacity of 12,400 ML) and the development of SEIS stage one and two. This has significantly reduced the flow volume and changed the flow regime into the lagoon. Davies et al. (2002) summarises the Coal River flow below the Craigbourne Dam as highly regulated, with loss of natural seasonal pattern, high base flows during summer to autumn, reduced baseflows during winter and spring, reduction in flood size, frequency and duration, and rapid level changes over periods of hours associated with irrigation water delivery. Also, there has been an increase in residential, commercial, agricultural, industrial and peri-urban development around the lagoon and/or within the catchment.
The second part of Hamstead's approach recommends establishing the level of risk to key ecological assets from changes to the future freshwater flow regime. Hamstead recognises risk assessment and management methods need modification and development for application to water planning. In the absence of these refinements we used standard processes to identify, analyse and mitigate the risks as outlined in the Risk Management Guidelines (Standards Australia/Standards New Zealand 2004). This involves: (1) establishing the context; (2) identifying the risks; and (3) analysing the risks, which are discussed below.
The context
The CPC encompasses 920 km 2 of land on Tasmania's southeast coast near Hobart and is within the SEIS. With an annual rainfall between 500-700 mm, it is one of the driest catchments in Tasmania. Most of the groundwater in the CPC is saline and not suitable for irrigation or domestic use (Leaman 1971 and changes in land management practices and land use such as the conversion to high water use vegetation (Scheltinga et al. 2004; Scheltinga and Moss 2007; van Dijk et al. 2006) .
Clearly, the hydrological regime is a key determinant of the condition of ecological assets in the catchment. The factors that threaten or may change the freshwater flow regime in the CPC in 2030 are described below and summarised in Table 1 (with the uncertainty descriptors defined in Table 2 ).
Climate change Bennett et al. (2010) predicts greater annual rainfall and runoff by 2010-2039 with the greatest increases being in autumn and summer over the CPC, whereas Viney et al. (2009) and CSIRO (2009) there would be a 7% reduction in run-off, 9% reduction in end of system flows, 1% reduction in extractable water, and 13% increase in transfer loss and evaporation. Bennett et al. (2010) suggests the two studies' conflicting predictions are caused by different downscaling methods, different models and the number of models used, and different reference periods.
There is potential for increases in droughts (Mpelasoka et al. 2008 ) and a slight increase in fire risk days (Lucas et al. 2007; Mpelasoka et al. 2008) .
Under the Water Management Act 1999 climate change is only indirectly addressed under risks to water availability to meet future demands, but water management plans need to assess the capacity of water resources to meet current and future demands. However, there is no water plan for the CPC and its development is a low priority, although operating rules and water restrictions do apply. Also there is a commitment in the National Water Initiative to regulate significant flow interception in catchments with high water allocation (National Water Commission 2011b). Overall, we assess the effect of climate change on the catchment as unclear because of the very high level of uncertainty caused by conflicting future climate change predictions.
Water resource development
Stage three development of the SEIS, will further develop irrigation in CPC by diverting 
Water management
The SEIS will be managed by irrigators on completion. Irrigators are more likely to make decisions favouring their own interests over those of the environment. Davies (2001) highlighted the Coal River as an example of poor water management leading to avoidable environmental degradation. Currently, this catchment has no water management plan and its preparation remains a low priority for the Department of Primary Industries, Parks, Water and Environment. While a comprehensive environmental flow assessment was conducted in 2002, no specific allocations for environmental flows have been set within this catchment.
However, incidental environmental flows occur when irrigation water is released from Craigbourne Dam (37% or 1,250 ML/year) and, increases in irrigation water efficiency and recycling is expected to reduce return flows (van Dijk et al. 2006) .
In Tasmania Hamstead et al. (2008) found that two Tasmanian plans were over-ridden by pressure of circumstance. Although operating rules and water restrictions apply we assess water management risks at a high level of uncertainty because they cannot be quantified.
Land use changes
Expansion in forestry plantations is projected to reduce run-off in 2030 by 1.4% ) (although this prediction was made before the current forest industry transition).
However, if the 2012 Tasmanian Forests Agreement is enacted there will be an increasing transition from public native forests to public and private plantations over the next 10 years.
Plantations can reduce mean annual flows, dry season freshwater flows, groundwater levels and increase flow variability (Sinclair Knight Merz et al. 2010; van Dijk et al. 2006; Zhang et al. 2003) . Peri-urban expansion is expected to reduce flows (Sinclair Knight Merz et al.
2010
) and there are plans for a golf course and 100 million dollar shopping precinct (Shine 2012 ). Increased demand from industrial development is also expected to reduce water availability. In agriculture, changes from pasture and crops to horticulture (stone fruit and grapes) are expected to increase evapotranspiration and reduce water availability.
The Tasmanian Government is actively expanding irrigation but has no policies or laws regulating plantation establishment and peri-urban development (Sinclair Knight Merz et al. 2010) . Tasmania can include water interception activities in water management plans and apply operating rules and water restrictions. This risk is assessed at a high level of uncertainty because the impact of land usage changes cannot be quantified.
Summary of risks and control measures
Water resource development and land use management will affect the volume, frequency, timing and duration of freshwater flows which are essential for the Lagoon to maintain its condition (Davies et al. 2002; Poff et al. 1997) . The effect of climate change on freshwater flows is unclear because of contradictory predictions (Bennett et al. 2010; Ling et al. 2009 ) so these will not be used in the analysis. Forestry and farm dam development is predicted to reduce run-off by 1.4% ) and 8% (estimated) respectively by 2030. Increases in recycling and water efficiency is expected to reduce return flows and an increase in periurban, residential, agricultural, industrial, commercial development is expected to reduce water availability by 2030. Historically, this catchment has a poor environmental record and this is likely to continue with the future management of the SEIS by irrigators. Reduced runoff and increased water usage are likely to affect flows into the Lagoon.
Currently, the main control measures operating in this catchment are relevant legislation and policies, operating rules, and water restrictions. There is currently no water management plan for this catchment even though a water management plan could reduce many of the ecological risks (Table 1) Table 5 .
Migratory shorebirds/waders
Reflecting a global trend, the numbers of migratory shorebirds arriving and feeding in the Lagoon has dramatically declined (Woxvold 2008) . For example, in the Lagoon the eastern curlew (Numenius madagascariensis) has shown a drastic decline by 65 to 90% since the 1960s with other waders declining by between 20-50% (Woxvold 2008) . Migratory bird decline is thought to be at least partly due to loss of freshwater flows (E Woehler, pers.
comm.). Migratory waders have been observed spending more time foraging, suggesting declines in food supply which maybe linked to water quality (Davies et al. 2002) .
A UK study found more migratory waders in estuaries with freshwater flows suggesting freshwater flows in estuaries may support greater euryhaline invertebrate populations, a favoured food for wintering waders (Ravenscroft and Beardall 2003) . Waders were found to concentrate on mudflats where density and size of prey is greater (Bryant 1979; Goss-Custard et al. 1977; Goss-Custard et al. 1991; Sutherland 1982) . Estuaries with higher freshwater flow support greater invertebrate density and biomass (Montagna and Kalke 1992) .
In the Coorong Estuary, there is a positive correlation between decline in migratory waders and declining freshwater river flows (Nebel et al. 2008) . Also, closure of the Murray
Mouth is expected to reduce foraging habitat and loss of a key food source as macroinvertebrate numbers fall with increasing estuarine salinity (Paton 2002 ) and acidification (Kingsford 2011 ).
The rapidly declining migratory waders maybe threatened by a potential reduction in their food supply due to reduced freshwater flows. Therefore, the potential impact of changed freshwater flows by 2030 is rated as 'moderate' and the likelihood as 'possible'. This means the level of risk to bird populations in the Lagoon is 'medium' with a 'high' level of uncertainty due to lack of data directly linking freshwater flow to wader populations and isolating this factor from other risk factors.
Seastars
In the Lagoon a significant decline of seastar (P. vivipara) during 1976 to 1983 may be linked to poor water quality, particularly to increases in nutrients and sediment (Prestedge 1998 ) and to reduced freshwater flows which can accelerate the decline in water quality (Davies et al. 2002) . This means the level of risk to seastars is 'high' with a 'low' level of uncertainty.
Salt marshes
Since 1975 there has been a decline in saltmarsh extent and a change in saltmarsh vegetation in the Lagoon (Prahalad 2009 ). Dams and other barriers are reducing freshwater flow and sediment inputs interrupting regular ecosystem processes (Prahalad 2009 ). Almost every creek draining into the Pitt Water salt marshes are dammed, some in more than one place, and many very close to the creek mouth (Prahalad 2009 ).
In UK studies, freshwater flows (run-off/rivers, rainfall, and groundwater) determine salinity across the salt marshes (Boorman 2009 ). Many salt marsh species require reduced salinity to trigger germination and seedling growth but, germination rates are reduced and bare patches are formed if high levels of salinity persist (Adam 1990; Boorman 1971 ).
The influence of freshwater flows on salt marshes compared with groundwater, rain or run-off is uncertain so it is not possible to assess the level of risk.
Estuary-dependent fish
Links between freshwater flows and fisheries decline include: changes in the food web due to additional nutrients; changes in species distribution due to altered habitats; and changes in population dynamics due to recruitment, growth and survival (Drinkwater and Frank 1994) .
For temperate fish species around the world there are positive correlations between fish numbers and freshwater flows particularly for finfish (Robins et al. 2005 ).
Prestedge observed that many fish species have declined in the Lagoon since about 1950 including whitebait and shark species (Resource Planning and Development Commission 2003). Davies et al. (2002) suggests freshwater plays an important role in attracting juvenile finfish, sharks and whitebait into the Lagoon. Crawford (1984) studied two flounder species in the Lagoon and found when juveniles metamorphosed they had a very strong preference for water close to fresh (salinity range 0-3 ppt). Davies et al. (2002) found the current freshwater flow regime into the Lagoon (without considering climate change or any other factors) poses a high risk to the production of oysters and finfish.
In the Gippsland Lakes in Victoria low salinity levels are favourable for the survival of estuary dependent fish species' larvae such as black bream (Battaglene and Talbot 1993; Cappo et al. 1998) , while increasing salinity levels negatively affect estuary-dependent fish species limiting their distribution and diversity (Geddes 1987; Geddes and Butler 1984; Geddes and Hall 1990) . In South African estuaries, the salinity gradients have been identified as the most important factor in the successful recruitment of larval and juvenile fish (Whitfield 1999 ).
Various studies found that reduced freshwater flow is correlated with a decline in estuary-dependent fish populations although the mechanism is unclear. Davies et al. (2002) found that even current freshwater flow into the Lagoon posed a high risk to production of oysters and finfish. Therefore, the effect of a further reduction in freshwater flow on the Lagoon's fish is likely to be 'moderate' and the impact is 'likely'. This means the level of risk to the fish is 'high' with a 'high' level of uncertainty.
Is this catchment overallocated?
Changes in freshwater flows projected to 2030 pose a high level of risk to the unique seastar and estuarine-dependent fish species and a medium level of risk to the migratory birds. The risk to the salt marshes could not be determined due to inadequate information. Because of the high uncertainty in the data except for the seastar it could be argued that the analysis is water is being piped into this catchment suggesting it is at least fully allocated. It is difficult, even using simple ratios, to determine overallocation because of inconsistant and poor data.
Also, using hydrological modelling, Graham et al. (2009) 
Assessment of Hamstead's Approach
Advantages and disadvantages of Hamstead's approach found in this case study are summarised below. (2) Risks to the future freshwater flow regime threatening an ecological asset were clearly identified and explicitly considered.
Advantages
(3) The hydrological analysis provided an assessment of the level of risk to an ecological asset posed by future changes in freshwater flow regime even though, in this case, the level of uncertainty was high.
Disadvantages
(1) The biggest problem for the Lagoon's assessment was the high levels of uncertainty. Uncertainty was caused by a lack of data, conflicting data, and multiple risk factors (see Tables 1 and 5 ). Only the impact of forestry plantations was quantifiable in the catchment (1.4% reduction in run-off) ). The impact of water interception from farm dams was estimated using a formula derived from the MDB because there was no equivalent in the CPC catchment. Other risk factors, such as peri-urban development and agricultural change from pastures and crops to horticulture, could not be quantified.
Similarly, there was little data directly linking reduced freshwater flows to impacts on environmental assets. For example, while it is thought that migratory waders' invertebrate food sources are reduced by lower freshwater flows (Ravenscroft and Beardall 2003) there is a lack of research and data to explicitly make this direct link. Decline of migratory birds is due to other factors as well including development, land reclamation, pollution, predation, displacement, human disturbance and climate change. Furthermore, two recent studies on climate change had contradictory findings on rainfall within this catchment (Bennett et al. 2010; Viney et al. 2009 ) creating further uncertainty. Also, there is a lack of data to establish threshold points related to estuaries, freshwater flows and the four key ecological values.
The high levels of uncertainty make it more difficult to defend ecosystem values against the impacts of development with more certain estimates of economic benefit. Ideally, the precautionary principle would be triggered by uncertainty, but in practice, this rarely happens. Hamstead (2009) concedes there will always be a level of uncertainty with this approach but he hopes conformance to future standards and guidelines would lead to more credible assessments.
(2) The default target condition is set as the current condition, a process that does not account for any statutory obligations. As a Ramsar site, the Australian Government is (4) The focus on ecological assets may still lead to poor general river health. This assessment approach does not consider general river health so an ecological asset in good condition could be sited in a river of poor or declining health.
Improvements and other approaches

Need for an assessment method that uses limited resources
In this case study, using Hamstead's method resulted in a high level of uncertainty because of a lack of data and from conflicting data. There is an urgent need for an assessment method that more clearly indicates whether a catchment is overallocated and/or overused and that can be used by states with limited resources and data (such as Tasmania).
Determine acceptable limits to ecological change
A modification to Hamstead's approach would be to use appropriate obligations and legislation to set the target condition of ecological assets. The National Framework and limits of change and a risk assessment of the wetland's ecological character. For example, the number of migratory waders less than 15,000 over two consecutive annual surveys could be set as unacceptable change. This framework also outlines a program to monitor change to the wetland's ecological character. Again with this approach 'proving' the link between the freshwater flow regime and the wetlands ecological character may be difficult. Also, assessment techniques that provide advanced warning of major stress or degradation to a wetland are needed (Bunn et al. 1997; Finlayson 1996) .
Determine critical flow requirements
Another approach could be based on calculated environmental flow needs. A comprehensive environmental flow study of the lower Coal River and Pitt Water Estuary have recommended flow rules including minimum flow levels with increased flood events (Davies et al. 2002) but these have not been implemented. Since this report, a Tasmanian Environmental Flows In a recent and comprehensive review of environmental flows Arthington (2012a) describes the main approaches to water allocation for wetlands which include simple water balance models, Range of Variability approaches, use of characteristics of desired water regimes, and floodplain inundation models using geographical information systems and digital elevation models. Setting limits to hydrological alteration is described as 'the core challenge for environmental flow management and restoration' (Arthington 2012b 
Urgent need to develop water plans
This case study revealed a lack of environmental flows in the Coal Pitt Water Catchment.
Below the Craigbourne Dam the environment only receives incidental flows when irrigation water is released even though environmental flow rules have been developed (Davies et al. 2002) . A water management plan for the catchment is a low priority even though it is one of Tasmania A recent review of water planning in Australia (NWC 2012) provides a synthesis across all jurisdictions. It is noted that there are significant delays in the development and implementation of water plans and that this is of particular concern 'where failure to act has irreversible consequences for the water resource' (page. ix). It is also noted (page 41.3) that not all proposed irrigation areas are having plans developed and 'it is not clear what criteria are applied to the prioritisation to water planning in Tasmania'. Australia needs to recover environmental flows to meet its conservation obligations for key processes, protected areas and internationally significant wetlands listed under the Ramsar Convention (Kingsford 2011; Kingsford et al. 2011; Pittock and Finlayson 2011; Pittock et al. 2010) .
Conclusion
The Coal Pitt Water Catchment was assessed as being overallocated and/or overused, using
Hamstead's recommended approach, but with high levels of uncertainty. This uncertainty was problematical when predicting changes in future freshwater flow regimes and linking these to impacts on ecological assets. In other situations in Australia, this uncertainty has undermined strategies to deal with water overallocation and/or overuse, which are priorities The Lagoon is one of ten internationally recognised Ramsar wetlands in Tasmania.
The recommendation of Hamstead (2009) to use the default ecological assets condition as the current condition contradicts Australia's obligations under the Ramsar Convention which explicitly states the baseline of this wetland's ecological character be determined at the time of listing, which in this case was 1982. The wetland's condition also needs to meet other international, national and state legislation.
Using the current condition as the default condition could allow allocation and/or overuse to continue rather than be addressed. Also, focusing on particular ecological assets may lead to poor general river health. It seems that these legal requirements for environmental protection, together with the proposed irrigation developments, combine to provide an urgency to progress planning in the Coal Pitt Water Catchment. 
